A novel economical plate culture technique incorporating Tween 80 was used for the isolation of organisms from dialysis effluent in cases of continuous ambulatory peritoneal dialysis peritonitis. It was found to be convenient for routine laboratory use and increased the yield of positive plate cultures in specimens without antibiotics from 53 to 75% (P < 0.01) and in specimens containing antibiotics from 24 to 38% (P < 0.05). It allowed for the identification and susceptibility testing of isolates 24 h earlier than did broth culturing and a more ready appreciation of mixed cultures and contaminants.
Bacterial peritonitis continues to be a common problem in the treatment of renal failure by continuous ambulatory peritoneal dialysis (CAPD). Broth culturing is the single most sensitive culture technique for the diagnosis of this condition (6, 11, 16) , but it is conventional and good microbiological practice to perform a quantitative plate culture simultaneously. This practice allows early recognition of contaminants and mixed cultures and more rapid isolation of single colonies for identification and susceptibility testing. At best, however, conventional plate culture techniques have a sensitivity of about 50% for CAPD peritonitis (11, 16) . We and others have described methods for improving the sensitivity of plate cultures with nonionic surfactants (6, 9, 18) , pour plates (5) , total volume cultures (4), and filtration techniques (13, 19) . Each of these methods is, however, relatively time-consuming and/or subject to contamination. In this paper we present results obtained with lysis-centrifugation and nonionic surfactants and describe a method suitable for routine use in thé diagnosis of CAPD peritonitis.
MATERIALS AND METHODS
The study was Tables 1 and 2 ). Quantification of growth for calculating growth indices was as follows: 0, no growth; 1, less than five colonies in the primary inoculum; 2, more than five colonies in the primary inoculum; 3, growth in the second inoculum; and 4, growth in the third or fourth inoculum. Plates were inoculated by standard methods (2) involving placing of the deposit in a well (the primary inoculum) with a sterile Pasteur pipette and spreading of the primary inoculum, with flaming of the loop between each step, to produce second, third, and fourth inocula.
Isolates were identified by the methods of Cowan (1) Methods 1, 2, and 4, which make use of a surfactant, yielded significantly higher isolation frequencies than did methods 3, 5, and 6 (P values of <0.001 to <0.025; Table 1) for coagulase-negative staphylococci, total gram-positive organisms, and total positive cultures, and P values were <0.05 when individual methods were compared for total positive cultures. The novel plate methods were as good for the isolation of coagulase-negative staphylococci and S. aureus as was broth culturing. Figure 1 shows the distribution of growth indices for each of the six plate culture methods in the 71 culture-positive specimens. Again, the novel plate methods (1, 2, and 4) yielded significantly better growth indices both as a group (P < 0.001) and individually (P < 0.001 to P < 0.025). The isolation rates were strikingly different depending on the presence or absence of antibacterial activity (Table 2) , and the differences as a group between methods 1, 2, and 4 and methods 3, 5, and 6 remained significant in the presence or absence of antibiotics (P < 0.05 and P < 0.01, respectively). culture methods increased the positive plate culture rate from a mean of 53.7 to 76.3% when no antibacterial activity was detected (P < 0.01) and from 24.3 to 36.6% in specimens containing antibacterial activity (P < 0.05).
DISCUSSION
All three plate culture methods that used the surfactant materials Triton X-100 and Tween 80 significantly increased the rate of positive cultures (Table 1 ) and the growth indices (Fig. 1) as compared with conventional plate culture techniques. Two possible mechanisms for these results are lysis of polymorphs, liberating intracellular bacteria before they are killed, and separation of bacteria by a reduction in surface tension, thus allowing more CFUs to be spread on the plates.
We agree with Taylor et al. (18) that the separation of bacteria is likely to be the less important mechanism in view of the success of the Tween 80 agar in increasing the number of CFUs per specimen when exposure to the surfactant occurred after plate inoculation. Our attempts at lysis with sterile water (method 3) were unsuccessful, suggesting that a reduction in surface tension between organisms may be the more important mechanism, but we may have used inadequate volumes of water and lengths of exposure to the sample to yield optimum lysis. Kleiman et al. (9) maintain osmotic lysis of leukocytes to be superior to surfactant agents in this context. Inactivation of antibacterial substances during lysis-centrifugation has also been suggested as a possible mechanism of action (17) , although in our study a beneficial effect was maintained even in specimens in which no antibacterial substances were demonstrated ( Table  2 ). Taylor et al. (18) advocate prior sonication of the sample in addition to exposure to the surfactant saponin. While we agree that sonication is effective in increasing CFUs (unpub- lished data), we feel that this is an impractical procedure for a routine diagnostic laboratory because it is particularly liable to contamination. Kleiman et al. (9) note that MacConkey agar is generally superior to blood agar in yielding CFUs and attribute this fact to the surfactant properties of bile; Taylor et al. (18) have confirmed this. In our study, cysteine-lactose electrolyte-deficient agar also appeared to be superior to blood agar, but the difference was not significant (P < 0.05).
Other recently described attempts to improve culture techniques for the diagnosis of CAPD peritonitis used enrichment broths (4, 13, 16) . They tend to be prone to contamination and make it difficult to determine if this has occurred, as growth cannot be quantified. Males et al. (13) found conventional culturing of the centrifuged deposit from 10 ml to be as sensitive as enrichment or filtration, but the number of specimens studied was small and the deposit from 10 ml was cultured on MacConkey agar, which may have increased yields because of its surfactant properties. Some workers have used filtration (13, 16) , but in our experience and that of others (9, 13) , filters too often clog to be of much use.
To improve on conventional culture techniques, our Tween 80 plate method and the saponin-containing blood agar of Taylor et al. (18) appear to be the most convenient for routine use. The advantages are clear-cut (6, 9, 12, 17, 18) . These include an increase in the positive plate culture rate and increased growth indices, providing more rapid isolation of individual colonies. In all cases in which isolates were also obtained in broth, identification and susceptibility testing could be carried out 24 h earlier by the novel plate culture methods. They also allow for a more ready appreciation of contaminants and mixed cultures than does broth culturing, the former being a common problem in the examination of cultures from CAPD peritonitis, in which the common pathogens are also skin flora. If a blood agar culture is also included, then the presence of intracellular, and presumably pathogenic, bacteria can easily be deduced by the difference Tween 80, Triton X-100 and other nonionic surfactants are being used increasingly in lysis-centrifugation methods to increase the yield of blood culture techniques. These agents are, however, toxic for bacteria in high concentrations, and further work is needed to assess the optimum type and concentration of surfactant to be incorporated in a culture medium to provide rapid cell lysis without toxicity for bacteria. The present medium is not satisfactory for the isolation of nonhemolytic streptococci and Neisseria spp. (unpublished observation), and this fact is partly confirmed by the relatively poor isolation rate for other gram-positive organisms (Table 1) . Our previous studies with Triton X-100 (6) showed that the isolation rates for gram-negative bacteria were improved more than those for gram-positive bacteria, but in this study there were insufficient gram-negative isolates to comment on this.
Further work is in progress to identify the most satisfactory medium incorporating a nonionic surfactant for the culturing of CAPD effluent. Consideration should also be given to the use of this technique for routine culturing of other fluids with a high concentration of leukocytes, such as cerebrospinal, joint, ascitic, and pleural fluids.
